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> Extmi C is a computer screen she - - k >r to March 24, 2003 
of an embodiment of the power source of the invention and as recited in certain of She 
pending claims, the powe^ sourc coo % ^th bismuth 
iOiiunns thermocouples end metal bridges between thermoelements, which embodiment 
we had busk and tested prior ;o March 2m 2003. 

* Exhibit D is- ' ' - 1 an ir.wnron Report document signed prior to March 24. 2003, 
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Exmbif E. page 3 with a graph of the output of a commercially obtained TE module used in an 
embodiment of the T E powe^ source as recited in certain c? the claims for production of electrical energy 
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See Exhibits A-H. for example, see Exhibit E, page 3 with a graph of the output of a prototype of the TE 
power source operating on ambient solar energy, prior to March 24. 2003, as recited In certain of the 
claims, page 5 a photograph taken prior to March 24, 2003, showing a prototype of an ambient thermal 
£p< f f - - t g gery of the operatic j 

to Marco 24. 2003, of a prototype thin fiirn TE device operating with a temperature difference Of about 
S-C sop the Exhibit ab a i f data < i c ' c r a c a i 2~ 2cm. a\ a TE devia 
having two beat pipes on a hot and a cotd side, respectively. Heat is conducted to and from TE elements 
through the hot and cold shoes, respectively, the neat pipes, thereby transferring heat by convection, 
s a e on inside , a ; <o-- 
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6. We conceived of and reduced to practice in tbe United States She use o? apparatus and 
methods as set forth in item 4 above having first and second temperature regions with differences of less 
than, equal to, or greater man 15°C, as recited if? certain of the claims prior to March 24, 2003 See 

A i S fo example, see Exhibit F at page 5 showing thermographic imagery of the operation, prior 
to March 24, 2003, of a prototype of me thin film IE device operating with a temperature difference of 
about 6 2 C. 

7. We conceived of and reduced to practice in the United States a power source comprising the 
methods and apparatus as set forth in item 4 above, including a super capacitor and/or at least one 

tarn ipiif ifed m certain claims, prior to March 24. 2008. See Exhibits A - H. For example, 

Exhibit E, pace 2 evidences She reduction to practice and operability for its intended purpose, prior to 
March 24, 2003 of a IE power source prototype capable of producing useful power by heatsng a hot shoe 
of the IE power source with solar energy while the cold side oi the IE power source was transferring 
heat into the ground. The f E power source included a voyage amplifier to supply an energy storage 
means (super capacitor) to power an P.F Tag that transmitted temperature data wirefessly to a nearby 
building, 

8- All £ e ade he and of our v jowledge are < a c ts made on 

Information are believed to be true; and further, these statements were made with the knowledge that 
willful false statements and like are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of th C c aise statements m 

validity of the application or any patent issuing thereon. 
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The best thermoelectric materials for power generation in the 0°C to 100°C temperature range are 
semrconductors and related alloys based on the bismuth-antimony-telluride-selenium (Bi-Sb-Te-Se) materials 
system. This disclosure concerns procedures that have been developed which allow the sputter deposition of 
thin films of these materials that can be utilized to fabricate high voltage, low power thermoelectric <TE) power 
sources. Rims were deposited by RF magnetron sputtering simultaneously from two of three possible sources 
namely, targets made of Bi 2 Te 3 . SbiTe, and Bi^. RF power supplied to each of the targets, substrate temperature 
and sputtering gas pressure were varied to determine deposition conditions that resulted in films with appropriate 
properties. Figure 3 descnbes the variation of material parameters with sputtering conditions. N-type TE material is 
obtained by supplying RF power of 30 watts to a Sb2Te3 target and 20 watts the the Bi2Te3 target, and with the substrate 
at the ambient temperature, whereas p-type material was achieved with power levels of 30 watts and 10 watts to the 
SbjTej and Bi,Te 3 targets, respectively. A sputtering gas pressure of 3 millitorr was utilized in both cases. A picture of 
e thin film TF^oup^abricatedjym^h^ji^^ ; s shown Rgure 4* - 

The disclosed process will a 
* on flexible material i r~ ' - 
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Figure 2. Concept of a TE Module Based on Thin Films on a Flexible Substrate. 
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Figure 3. Variation of Seebeck coefficient with electrical conductivity for a range of sputtering 
parameters. 
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Figure 4. Picture of thin TE couple deposited with the disclosed process. 
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( w Duty of Disclosure Statement (for invention^ 

For inventions that may lead to patents, it is a legal requirement that, throughout evaluation and patenting phases, the inventor(s) disclose(s) 
MATERIAL references (provide copies) that inventor(s) is/are aware of to IP Services. 

Examples of MATERIAL information include: 

A. Patents and publications which describe one or more features of the inventions or which would appear similar to the invention. 
Patents and publications can be our own or others. Publications include reports, conference presentations/proceedings, journal 
articles, newsletters (Greenie), newspaper articles, brochures and flyers; 

B. Information evidencing that the invention, or a closely related invention, was in public use or "on sale" (not necessarily "sold") by 
anyone more than one year before the filling date of the U.S. application; 

C. Information that the invention, or a closely related invention, was make in the United States by someone other than the inventor 
named in the patent application; and 

D. Experimental results, either favorable or unfavorable, involving the invention, particularly any comparisons with the prior art. 
Failure to comply fully with this duty may lead to unenforceability of any resulting patent. 

You are NOT required to make a search or to certify that no prior art exists which is more pertinent than that cited. You are only required to 
answer to the best of your present knowl edge. 

It is requested that you list in the space provided below those items, if any, of information or date presently known to you that you believe may be 
MATERIAL to the invention claimed in the above-identified patent application; and that you read carefully the following acknowledgement. 
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(If none, write none. If necessary, attach additional sheet.) 

PUBLICATIONS AND REPORTS: Mo^ . ; ■ ' 

(If none, write none. If necessary, attach additional sheet.) 



OTHER INFORMATION OR DATE:. 



(C) General Procedures 



Attach a detailed description of the invention to this transmittal sheet; send the originals and 5 copies to Intellectual Property Services (IPS) 
Department. The detailed description should specifically define what the inventor(s) regard as the novel concept and , to the extent possible, 
how the invention is distinguished from known technology. It should include sketches or photographs that wold help to understand the concept, 
operative ranges of conditions or constituents, and advantages over similar known concepts. Each page of the description, including any 
drawing(s) or photograph(s) must be signed and dated by each inventor and two witnesses who have read and understand the invention. If you 
have questions, please call IP Services 375-2227. 
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Invention Report on Thermoelectric Device for Ambient Energy Harvesting 



October 5, 1999 



John G. De Steese 



A method for utilizing generally persistent temperature differences that exist naturally between adjacent 
environments (e.g., earth and the ambient atmosphere) is disclosed as a means of producing electric energy 
for sensors, monitors and other low-power end uses. This invention appears capable of supplying electric 
power of up to hundreds of milliwatts perpetually without an external fuel supply or human attention. 
When combined with rechargeable batteries and power conditioning electronics, this invention could 
supply a power demand profile that includes brief outputs of tens to hundreds of watts for communications 
and other higher power requirements. 

The concept is illustrated in Figure 1 . The core of the device is a series/parallel assembly of miniature 
thermocouples terminated at a cold and hot shoe at either end of the assembly. The concept can incorporate 
metallic wire thermocouples and all other thermoelectric materials. Miniature heat pipes are attached to 
each shoe to improve heat flow to or from the shoes. Power conditioning electronics and a battery may be 
incorporated and contained in a housing that preferably surrounds the thermocouple assembly. 

In operation, one of the heat pipes is inserted into one of the thermal sources/sinks that drive the device. 
The other end remains in an ambient environment that provides a differential temperature across the 
thermocouple assembly. For example, the configuration represented in Figure 1 exploits the nearly 
continuous difference in temperature between earth and ambient air. This difference persists diurnally and 
seasonally. In summer, the hot shoe would normally be in air and the cold shoe in the ground. In winter, 
the reverse would tend to occur. In either case, the differential temperature energizes the thermocouples to 
produce unconditioned electric power of up to hundreds of milliwatts, With appropriate electronic power 
conditioning, the thermocouples would charge the battery regardless of which end of the device is warmer. 

The following example illustrates a representative design. Assuming an average temperature difference 
between shoes of 20°C and a Seebeck coefficient of 59 uV/°C (e.g., that of a Type E Chromel vs. 
Constantan thermocouple), an output of approximately 1 mW would be achieved with a series/parallel 
array of less than 1000 miniature wire thermocouples. It is envisioned that these will be assembled into a 
robust package using established micro-electromechanical systems (MEMS) technologies. The entire 
device would be less than 20cm long and 3 cm diameter. The heat pipes constitute 70% of the overall 
estimated length and are amenable to being made shorter for use in some environments (e.g., between hot 
and cold environments in buildings). MEMS technologies are expected to make construction of larger 
assemblies (e.g., 100,000 miniature thermocouples) practical. A device with this many thermocouples 
would raise the unconditioned power of the concept to the hundreds of milliwatts level and higher. 

In the potential applications envisioned for this concept, the intrinsically low energy conversion efficiency 
of thermoelectric elements is not a disadvantage. In comparison to the power demands of typical end uses 
(e.g., sensors, monitors, locators, etc.) the thermal energy sources of the environments that drive the device 
are infinitely large. Therefore, energy conversion efficiencies less that 5% are acceptable providing other 
design requirements (e.g., stored energy density, package size, thermal signature, etc.) are satisfied. 
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Air Side Heatpipe 



Thermocouple Array 



Power Conditioning Electronics 
& Battery 



Ground Side Heatpipe 



Figure 1: Representative Configuration of Thermoelectric Device for Ambient Energy Harvesting 
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